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This application claims the benefit of U*S. 
Provisional Application No. 60/040,241, filed March 11, 
1997, System and Method for Still Image Compression, 
5 which is incorporated herein by reference. 



Field of the Invention 



The present invention relates generally to 
digital image compression/decompression, and 
particularly, to a wavelet-based system and method of 
10 image compression and decompression. 

Background of the Invention 

Nearly every computer user needs to store, 
transfer, and view images. These images include still 
images, or pictures, as well as video images, which are 

15 sequences of still images displayed in a manner that 

depicts motion. The enormous size of image files leads 
to serious file management limitations. For example, a 
single still image (equivalent to a video frame) 
displayed by a rectangular array of picture elements 

20 (pixels) arranged in 640 rows and 800 columns, with the 
color of each pixel represented by twenty-four bits, 
would require over 1.5 megabytes of digital memory to 
store. One solution to this problem is high-quality data 
compression technology. Essentially, image compression 

25 mathematically transforms a grid of image pixels into a 
new, much smaller set of digital values holding the 
information needed to regenerate the original image or 
data file. 

^r^^^n a3H?bi^n imaging systems, compression 
30 technology can be ihcorporated into "video on demand" 

systems, such as videcK servers . Compression technology 
can also be applied to\streaming video, which is the 
real-time capture and diisplay of video images over a 
communications link. Applications for streaming video 




include video telephones, remote security systems, and 
other types of monixioring systems. 

Several standards for compressing real-time 
video currently exist. The H.2 63 standard for real-time 
5 video is an industry standard based upon the discrete co- 
sign transform (DCT) . DCT is also the basis for both of 
the public domain image compression standards, MPEG 
(Motion Picture Experts Group) and JPEG (Joint 
Photographic Experts Group) . Although the DCT approach 

10 performs interframe coding adequately, its compression 
ratio and speed can be improved upon. 

Various other types of data compression have 
been developed in recent years. Conventional data 
compression techniques are generally referred to as being 

15 either "lossless" or "lossy", depending upon whether data 
is discarded in the compression process. Examples of 
conventional lossless compression techniques include 
Huffman encoding, arithmetic encoding, and Fano-Shannon 
encoding. With a lossless compression, the decompression 

20 process will reproduce all bits of the original image. 
Lossless compression is important for images found in 
such applications as medical and space science. In such 
situations, the designer of the compression algorithm 
must be very careful to avoid discarding any information 

25 that may be required or even useful at some later point. 

Lossy compression, in contrast, provides greater 
efficiency over lossless compression in terms of speed 
and storage, as some data is discarded. As a result, 
lossy techniques are employed where some degree of 

30 inaccuracy relative to the input data is tolerable. 
Accordingly, lossy compression is frequently used in 
video or commercial image processing. Two popular lossy 
image compression standards are the MPEG and JPEG 
compression methods. 

35 The wavelet transform has proven to be one of 

the most powerful tools in the field of data compression. 
Theoretically, the wavelet transformation is lossless. 
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but since all computers have only finite precision even 
when using floating point calculations, most of the 
transformations are lossy in practice. On the other 
hand, integer calculations are much faster than floating 
5 point for virtually all computers; and integer 

computations are much easier to implement in hardware, 
which is more important in some applications. While 
integers require less memory than real numbers, the 
direct use of integers in conventional wavelet transforms 
10 and their inverses typically causes an unacceptable loss 
of accuracy. Accordingly, there is a need for a wavelet- 
based compression technique that permits lossless or 
near-lossless data compression, yet retains the speed and 
memory advantages of integer arithmetic. 

15 

Summary of the Invention 

It is an advantage of the. present invention to 
provide a system and method of wavelet-based data 
compression that permits integer computations in a 

20 computer without significant loss of accuracy. This is 
accomplished by using an integer reversible wavelet 
transform that possesses a property of precision 
preservation (PPP) . The integer reversible transform 
greatly reduces the computer resources needed to compress 

25 and decompress images, as well as the time required to 
perform the same. 

It is an advantage of the present invention to 
provide a system and method of wavelet-based image 
compression that is suitable for both still and video 

30 images. 

It is also an advantage of the present invention 
to provide a system and method of image compression that 
is capable of selectively performing lossless and lossy 
compression of either color or gray-scale images. 
35 According to one aspect of the invention, a 

wavelet-based image compression method can be implemented 
using a software program. Compression is accomplished by 
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performing a wavelet transform on an input digital image. 
The resulting wavelet components are compared to a 
threshold -value; coefficients falling below the threshold 
are discarded. The remaining coefficients are quantized. 
5 The quantized coefficients are then compressed using an 
entropy encoding technique, such as arithmetic, run 
length, or Huffman encoding, or a combination of Huffman 
and run length encoding. The wavelet transform can be an 
integer reversible wavelet transform derived using a 

10 lifting scheme or correction method, while the 

quantization scheme can be sub-band oriented. To further 
enhance the speed of the compression scheme, input color 
image pixels can be reduced using a color table. In 
addition, color pixels can be transformed between color 

15 spaces prior to wavelet transformation. 

According to another aspect of the invention, a 
corresponding method of decompression is provided. 

^"^^Q^rding to another aspect of the present 
inventidn, a CQjroression method is provided that allows 

20 user selected por'bi^s of an image to compressed to 

different image quali^ias, whereby permitting non-uniform 
image compression. ^ 

According to another aspect of the present 
invention, a compression method is provided that permits 

25 compression quality to be based on image specific 
parameters . 

According to another aspect of the present 
invention, a method of compressing images using a "split 
and merge" technique is provided. 

30 According to further aspect of the present 

invention, an image compression system includes a 
compressor configured to generate a compressed image 
based on an integer wavelet transform derived using 
either a lifting scheme or correction method. The 

35 compressor can be implemented using one or more 

electronic components, such as application specific 
integrated circuits (ASICs), microprocessors, discrete 



logic components, or any combination of the 
aforementioned* 

According to another aspect of the present 
invention, a corresponding image decompression system is 
5 provided. 

Brief Description of the Drawings 

The invention is pointed out with particularity 
in the appended claims* However, other features of the 
invention will become more apparent, and the invention 
10 will be best understood by referring to the following 

detailed description in conjunction with the accompanying 
drawings, in which: 

FIG. 1 illustrates a flow diagram for a method 
of compressing an image that is in accordance with an 
15 embodiment of the present invention; 

FIGS. 2-4 depict wavelet coefficients for 
various levels of decomposition; 

FIG, 5 illustrates a flow diagram of a method of 
decompressing an image that has been compressed using the 
20 method of FIG. 1; 

FIG. 6 is a block diagram of a system that can 
incorporate a software program implementing any of the 
methods shown in FIGS. 1, 5, and 8-13 in accordance with 
a second embodiment of the present invention; 
25 FIG. 7 is a block diagram of a system for 

compressing and decompressing an image in accordance with 
another embodiment of the present invention; 

FIG. 8 illustrates a flow diagram of a method 
compressing an image that is in accordance with a further 
30 embodiment of the present invention; 

FIG. 9 illustrates a flow diagram of a method 
for decompressing an image that has been compressed 
according to the method of FIG. 8; 

FIG. 10 illustrates a flow, diagram of a method 
35 of compressing an image in accordance with a further 
embodiment of the present invention; 
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FIG. 11 illustrates a flow diagram of a method 
of decompressing an image that has been compressed 
according to the method of FIG* 10; 

FIG. 12 illustrates a flow diagram of a method 
5 of compressing an image that is in accordance with a 
further embodiment of the present invention; and 

FIG. 13 illustrates a flow diagram of a method 
for decompressing an image that has been compressed 
according to the method of FIG. 12. 

10 Detailed Description of the Preferred Embodiments 

Referring now to the drawings, and in particular 
to FIG. 1, there is shown a flow diagram of a method for 
compressing an image that conforms to a first embodiment 
of the invention. In step 20, a digital image is 

15 received from an image source. The digital image 

consists of a matrix of values representing an array of 
pixels. Specifically, the array of pixels represents a 
still image or a frame from a video image. In step 22, 
the image is optionally displayed on an appropriate 

2 0 viewing device, such as a computer or video display unit 
having a flat panel or cathode ray tube (CRT) . Next, in 
step 24, color and wavelet transformations of the image 
take place. The image transformations involved in this 
step include color transform for color images only, and 

25 wavelet transform for both gray level images and color 
images. In step 2 6, the values representing the 
transformed images are quantized and compared to 
thresholds. Values falling outside the threshold are 
discarded. In step 28, the remaining quantized values 

30 are encoded to remove redundant information, creating a 
compressed image file. Next, in step 30 the compressed 
image file is generated as output. 

Referring to the color transformation of step 
24, digital color images are typically based on an RGB 

35 color model, such as is commonly used with TIFF or BMP 
images. In order to get a higher compression ratio, the 
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RGB pixels are transformed to other color models, such as 
YIQ or YUV models. The method can convert RGB inputs 
into YIQ or YUV color spaces according to the following 
relationships . 



5 RGB to YIQ: 
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RBG to YUV: 
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In the YIQ color space, there is one 
luminescence (Y) and two color planes (I, Q) . The Y 

15 component is critical, while the I-Q components are less 
sensitive to error introduced by data compression. 

The wavelet transform (also referred to as 
wavelet decomposition) operates on the converted color 
space signals. The purpose of the wavelet transform is 

20 to represent the original image by a different basis to 
achieve the objective of decorrelation. There are many 
different wavelet transforms that can be used in this 
step. For instance, the reversible integer wavelet 
transform described herein below is a preferred wavelet 

25 transform. However, to develop a better understanding of 
the preferred transform, the following alternative 
wavelet transform is first described. 

Let C° = [Cjj,] (j - 0, M-1; k = 0, 

N-1) represent the original, uncompressed image, where M 
30 and N are integers which have the common factor 2^ (L is a 
positive integer) . A one-level wavelet decomposition, 
where L = 1, results in the four coefficient quadrants as 



10 



15 
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shown in Figure 2. Each quadrant represents a set of 
wavelet coefficients . 

Quadrant represents the blurred image of the 
original^ image C°, where =[cjjc] (j=o,..., -^-i; i:=o,..., . 

HD^ represents the horizontal high frequency part of 
while VD^ represents the vertical high frequency part of 
C°, and DD^ represents the diagonal high frequency part of 
The decomposition can be iteratively repeated L times 
to obtain different levels of decomposition. For 
example, for L = 2, C° is set to equal • The iterative 
formula for computing a decomposition is given as 
follows: 

(1) Let C° = rC°, r>0 is a factor which can be changed for 
different needs. 

(2) Transform for image coliimns: 

For k=0,...,N-l, calculate 



✓^0 _/^0 



(3.1.1) 



For k=0,...,N-l, calculate 

^Ok~^l,k 2 ' 

^Jk ^23+1, k 5 'J -L/-/-^/ 



c"^ a 



(3.1.2) 



(3) Transform for rows: 

For j=0, . . .M/2-1, computing 
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^<^J,o 2 ' 



(3.1.3) 



and 



1 _g;i _ hdjo+hdji 



^1 _-i _ iid^,k+hdlk^i, AT 

Cj/c-Cj/,2ic*l 2 '"'''2 



(3.1.4) 



For j = 0, 



and 



, M/2 - 1, computing 



-1 



(3.1.5) 



1 ^1 _ dd^o+ddji 

vcfjTc-aj-, 2ic+i 2 , iC-1 , ... , — 2 , 



(3.1.6) 



(4) Ci= [Cj^,fc] , HD'-= [hd^,k\ . VD^ tudj^,*] and DD= [ddl^] , j=0 , ^-1 
k=0 f-1. 



Remark: If it is necessary, we also can use matrix 
5 multiply Wavelet Coefficient Image of 1 levels=WiC*^Wi^ . 
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Herey. is the transform matrix for 1 level wavelet 
decomposition • 

FIG. 3 depicts a three-level wavelet 
decomposition, where L = 3. 
5 In step 26, the first loss in accuracy occurs. 

Both thresholding and quantization reduce accuracy with 
which the wavelet coefficients are represented. In step 
26, the wavelet coefficients are matched against 
threshold values, and if the values are less than the 

10 established threshold values specified, then the 
resultant value is set to zero. 

An important feature of the invention is that 
the wavelet coefficients are then quantized to a number 
of levels depending upon which quadrant is being 

15 processed, and the desired compression or quality factor. 
This can be very important in image compression, as it 
tends to make many coefficients zeros, especially those 
for high spatial frequencies, which reduces the size of a 
compressed image. 

20 A multilevel uniform thresholding method can be 

used as described below. 

Let T = (ti, tx., tL+i)be the chosen 

thresholds, where tt is the threshold for 1 the (1=1, 
L) level and t^^+i is a threshold for blurred image C^. 

25 Thresholding sets every entry, in the blocks C^, HD\ VD^ 

and DD^ (1 = 1, ... L) to be zero if its absolute value is 
not greater than the corresponding threshold. 

For color images, three threshold vectors which 
correspond three different color planes, such as y, I and 

30 Q, are used. 

The step of quantization essentially scales the 
wavelet coefficients and truncates them to a 
predetermined set of integer values. The quantization 
table shown in Table 1 can be used. 
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TABLE 1 

5 In Table 1, the entries q^Ho quantization 

factors for blocks HD^ (1 = 1, .•. L) , q^vo q^^D for 

blocks VD^ and DD^ (1=1, L) respectively, and the 

factor q^^""^ is for the most blurred image C^. The factors 
can be integers between 0 and 255, The quantization 
10 scheme for the block HD^ (1 = 1, L) is 

hdj^j,=zound ^ , j=0,.„, — -l;ic=0,..., — -1 ■ ^ 



Here, hdf j.{j=Q , — r-l; ,k=0,..., — --l)are quantized 
wavelet coefficients of block HD^ (J=l,.,.,Ii) 

max^= max (|i2d/jt|) , 
Oijri (Af/2^-1) 

and the function round (x) gives the nearest integer of x. 
Equation (3.2.1) is used for quantization of the other 
blocks (quadrants) . 

For color images, there are three separate 

15 quantization tables for the different color bands. 

In step 28, entropy compression is applied to 
the resultant coefficients using either Arithmetic, Run 
Length, or Huffman, or Huffman and Run Length combined. 
The compression algorithm can be selected at run-time by 

20 the user, based on the desired compression ratio and the 
amount of time required to get the selected level of 
compression. The encoding step includes the entropy 
compression as well as coefficient rearranging. 



• 
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An alternative process to that shown in FIG. 1 
includes an optional down sampling of the IQ color 
planes ♦ This down sampling may be done once or twice to 
produce two image planes either one-fourth or one- 
5 sixteenth the size of the original plane. If the down 
sampling is done, it will be accomplished prior to the 
wavelet transform of step 24. The down sampling reduces 
the compression time and size of the image file. 

FIG. 5 shows a corresponding method for 

10 decompressing an image compressed using the method of 

FIG. 1. In step 40, the compressed image file is input. 
In step 42, the image is decoded. Next, in step 44 the 
values are de-quantized. Next, in step 4 6 inverse color 
and wavelet transformations are performed on the de- 

15 quantized data. In step 48, optional image post- 
processing takes place to refine the decompressed image. 
In step 50, the decompressed image is displayed. 

The decoding of step 42 is the inverse operation 
of the encoding of step 28. Similarly, it can be divided 

20 into two parts: Entropy decoding (Huffman or 
arithmetic) , and coefficient rearranging. 

The decoding step produces quantized wavelet 
coefficients in 3*L+1 blocks. Dequantizing (step 44) 
uses the same quantization table as quantizing (Table 1), 

25 and the scheme as follows: for 1=1, L 

^ Ad^Vmaxi, ^^.^^ ^-l;ic=0 J^-l. (4.2.1) 

Equation (4.2.1) produces the approximate coefficients 
for the blocks HD^ (1=1, L), which are shown in 

FIG. 3. The dequantizing scheme for other blocks is 
similar to 4.1.2). 
30 In step 4 6, the inverse wavelet transform, also 

referred to as wavelet reconstruction, is performed prior 
to the inverse color transformation. FIG. 4 depicts a 
one-level wavelet reconstruction. 
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The wavelet reconstruction can be iteratively 
performed for various levels of decomposition, according 
to the following equations. 
(1) Inverse transform for rows: 



For j=0. 



M 



-1, calculate 



and 



^J,i-^^i,o + 2 

^3,2k+l-^^jk'^ 2 /iC-1,...,— 2, 



^jlo=^j\i-2c?dj',o/ 

^j,2k 2 ^Gfaj-,i., ic-±,...,— ±. 

For j^O, M/2 - 1, calculate 

1 _ 1 ^ hd^o+hd^i 
, 1 ~ 0 ^ 2 

-1 _ 1 ^^j,k~^^j,k+l _ N 
^j,2A:+l-Cj'Jt+ ^ 2 ' K-l,.„, — -2, 

J/ 2 J/— «— 



(4.3,1) 



(4.3.2) 



(4.3.3) 



and 



^j. 0 = 1 -^hdj^ 0 / 



(4.3.4 



'=^j.2k 



= ^ (^j',2ic-l + ^j-,2ir+l) -2hd}i,, ic=l..., -^-1 



(2) Inverse transform for column: 
10 For k=0, N - 1, calculate 

and 
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-0 ofoV^lic 



770 ^ ^lk-3j.x^k . . (4.3.5) 



— 0 __0 ^-j 31 



:::70 - 1 /"^o .—0 \ rtJ^'^ ^ -1 

C2i,Jt — 2 ^^2j-l,Jt+C:2j+iJt/ J -^Cljj^g J-1,..., — -1. 



(4.3.6) 



Following the inverse wavelet transformation, an 
inverse color transform is performed. Equations (5) -(6) 
give the inverse transforms for the YIQ and YUV color 
spaces . 

5 For YIQ to RGB: 

[Rl r 1-000 0.956 0.6211 [^1 

|Gl-| 1.000 -0.272 -0.647| |l| (5) 

[Bj L 1.000 -1.106 1.703J LQJ 

For YUV to RGB: 

10 \K\ f 1.000 0.000 1.1401 fYl 

|G|=| 1.000 -0.395 -0.581| |U| (6) 

[Bj 1_ 1.000 2.032 O.OOOJ [vj 

In step 48, a user can optionally apply image 
filtering to improve the image quality. Filters are 

15 known in the art for sharpening, smoothing and 

brightening images. Users can choose any number of 
processing filters at compression time. Information 
defining the selected filters can be stored in the coded 
image file, in a form such as a one byte flag in a file 

20 header. In addition to optionally applying the filters. 
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the method can also be implemented to automatically 
detect and apply the selected filters following 
decompression. 

To sharpen an image, a filter is used that 
5 weights the eight pixels adjacent to the current pixel, 
as well as the current pixel, by one or more 
predetermined values. The weighted values of the nine 
pixels are then summed to derive a new, value for the 
current pixel. For example, the surrounding eight pixel 

10 values can be weighted by the value -35/800, while the 

current pixel is weighted by 1.35. The sharpening filter 
is applied to every pixel in the image. 

To smooth images, for every pixel, the average 
of the pixel and the eight adjacent pixels is calculated. 

15 Then the pixel value and the average is compared. The 
smaller of the two replaces the original pixel and is 
output as the smoothed pixel value. 

To brighten images, the weighted sum of each 
pixel and the correspond eight adjacent pixels is 

20 calculated. For example, each of the adjacent pixels can 
be multiplied by the value 1/90 and the summed with the 
current pixel to obtain a brighten current pixel. 

Another filter that can be used is one that adds 
a random value between [-12, 12] to each of the pixels in 

25 the image. 

In FIG. 6 there is displayed a preferred 
hardware platform that can execute software for 
implementing an embodiment of the present invention. The 
computer system of FIG. 3 includes a CPU 62, a main 

30 memory 64, an I/O subsystem 66, and a display 68, all 
coupled to a CPU bus 70. The I/O subsystem 66 
communicates with peripheral devices that include an 
image source 72, an image storage device 74, and a mass 
storage memory 76. Although shown as three separate 

35 devices, peripherals 72-76 can be implemented using a 

single memory device, such as a hard disk drive commonly 
found in computers . 
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^^STfiS'-^image source 72 may be a digital still image 
or video source/''%^ch as a CD-ROM drive, scanner, or 
network connection. jto addition, the image source 85 can 
include analog video soui^es, such as a video camera, 
5 VCR, television broadcaster cable receiver. The analog 
video signals would be converted to a digital form by the 
image source 85 using convenVional conversion techniques. 
Alternatively, an image sourc^B 72 can include a video 
camera and communications sysrems for transmitting real- 
10 time video to the I/O subsysteitrs$6 . 

The image storage 74 can be a computer disk, 
such as a that used by a hard drive, or a portable memory 
medium, such as a floppy or ZIP disk, or a read/write 
optical CD. 

15 In operation, a computer program, which 

implements aspects of the invention, is retrieved from 
the mass storage memory 7 6 into the main memory 64 for 
execution by the CPU 62. Upon execution of the 
compression aspect of the invention, the compressed image 

20 file can be stored in the image storage 74; while upon 
execution of the decompression aspect of the invention, 
the decompressed image can be viewed on the display 68. 
Operating under the control of the computer program, the 
CPU 62 can process images according to the methods set 

25 forth herein, as shown in FIGS. 1-2 and 6-10. 

FIG. 7 illustrates an alternative hardware 
platform implementing a system in accordance with a 
further embodiment of the present invention. System 80 
can be implemented using a variety of different hardware 

30 components, such as ASIC (Application Specific Integrated 
Circuits) , or a combination of discrete digital 
components, such as microprocessors, standard logic 
components, and other programmable logic devices. The 
system 80 includes a compression system 81 and a 

35 decompression system 82. The compression system 81 can 
be configured to perform any one or combination of the 
compression methods set forth in FIGS. 1, 8, 10, and 12; 
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while the decompression system can be configured to 
perform any one or combination of the decompression 
methods set forth in FIGS. 5, 9, 11, and 13. 

An image source 85 provides digital pixel values 
5 to a color converter 84. The image source 85 can provide 
the same functionality as described earlier for the image 
source 72 of FIG. 6. 

The color converter 84 performs a color space 
transformation on the input pixels, such as any of those 

10 described herein for FIG, 1. The converter functionality 
can be provided by conventional integrated circuits that 
are readily available from various manufacturers. 
Compressor 86 compresses the transformed pixels, removing 
redundant data. The compressed image file generated by 

15 the compressor 86 can be transferred directly to the 
decompression system 82 over a transmission medium 91. 
The transmission mediixm 91 can be a radio-link, computer 
network, cable television network, or satellite link. 
Alternatively, the compressor 8 6 can transmit its output 

2 0 to a portable storage medium 92, such as an optical, 

floppy, or ZIP disk; or to a mass storage device 94 such 
as a computer hard disk or archival system. 

The decompressor 88 expands the compressed image 
file by applying an inverse wavelet transformation, as 

25 well as de-quantization and de-encoding functions. The 
decompressed data is then passed to an inverse color 
converter 90 that applies an inverse color space 
transformation to generate pixel values in a color space 
and format appropriate for the image display 89. 

30 Standard electronic components are readily available for 
performing the function of the inverse color converter 
90. 

FIG. 8 illustrates a flow diagram of a method of 
compressing an image in accordance with an alternative 
35 embodiment of the present invention. In step 100, a 
digital image is input. In step 102, a color space 
transformation is performed on the input image pixels. 
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In step 104, the pixels are subjected to a wavelet 
transformation. In step 106, sub-band quantization is 
performed on the wavelet coefficients* Next, in step 108 
the quantized sub-bands are respectively entropy encoded. 
5 In step 110, the coded image file is output. 

Sub-band oriented quantization and entropy 
coding are well suited for wavelet-based image 
compression. The main idea is to take the advantage of 
different quantizations at different sub-bands (wavelet 

10 quadrant) and encode each band accordingly. Quadrants 

having a high variance in wavelet values can be allocated 
a finer mesh size for quantization, while those quadrants 
with smaller variances will be assigned fewer levels of 
quantization. That is, the niomber of bits one wishes to 

15 allocate to the output could be varied by quadrant. 

Those quadrants with large variances will utilize more 
bits, while those with low variants will utilize fewer 
bits. In this way, the number of bits resulting from 
quantization will remain the same, but their allocation 

20 will differ depending upon the nature of the image. This 
technique greatly improves image quality while 
maintaining a high compression ratio. 

FIG. 9 illustrates a flow diagram of a method of 
decompressing an image compressed according to the 

25 methods shown in FIG. 8. Step 120, the compressed file 
is input. In step 122, the input image -is entropy 
decoded. In step 124, de-quantization is performed on 
the decoded image file. Next, in step 12 6, an inverse 
wavelet transform is performed on the image., In step 

30 128, an inverse color transformation is performed. In 
step 130, post-processing altering is optionally 
performed. In step 132, the decompressed image file is 
then displayed. 

FIG. 10 illustrates a flow diagram of a method 

35 of compressing an image in accordance with another 
embodiment of the present invention. This method 
performs color-bit depth compression, which essentially 
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reduces the number of colors in the image to achieve 
compression. In step 140, the image is input with its 
original color. For example, each color pixel could be 
represented by a standard 24-bit value. Next, in step 
5 142, a color table is created corresponding to the image. 
The color table is a set of quantized color values. The 
quantized color values represent a smaller number of 
colors with correspondingly fewer bits. Each of the 
input pixels is mapped to the color table. In step 144, 

10 an index is calculated for each pixel in the image by 

dithering the pixel values. Dithering is accomplished by 
weighting pixels adjacent to the current pixel in a frame 
and then arithmetically combining the weighted values 
with the current pixel value to produce the index, which 

15 then represents the current pixel. The dithering process 
is repeated for each pixel in a frame. In step 14 6, the 
indexes are wavelet transformed. In step 148, the 
wavelet coefficients are entropy coded. In step 150, the 
coded image file is output, 

20 FIG, 11 illustrates a flow diagram of a method 

of decompressing an image that has been compressed 
according to the method shown in FIG, 10, In step 160, a 
compressed image file is received. Next, in step 162, 
the image file is entropy decoded. In step 164, an 

25 inverse wavelet transform is applied to the decoded data. 
Next, in step 166, post-processing filtering of the image 
is optionally applied. Next, in step 168, the 
decompressed image is displayed. 

-^^^ ^^TK^ 12 illustrates another method of 

30 compressing anS^^jnage in accordance with another 

embodiment of the^resent invention. In this method, a 
user can selective v^ry compression parameters (step 173) 
to obtain a lossless ois: near-lossless compressed image at 
a desired compression ratio. In step 170, the image is 

35 input. In step 172, an integer color transform is 

performed on the input image. In step 173, compression 
parameters are selected by tiae user using a software 
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interface. TheseVarameters can include those described 
herein below in the\subsection title "Peak Signal to 
Noise Ratio (PSNR) Controlled Compression". In step 174, 
an integer wavelet traiasform is performed on the color 
5 transformed pixels. In\step 176, the wavelet 

coefficients are entropy Voded. Next, in step 178, the 
compressed image file is vj^en output from the system. 

The integer color transformation of step 172 is 
an integer reversible transform which can be used in 
10 color image compression to reduce processing time and 

image size. Step 172 transforms RGB color components to 
a set of color components Y-Nb-Nr, which are known. 

The RGB to Y-Nb-Nr transform is given by the 
equations : 

15 Y = G + Int(R/2 + B/2), 

Nb = B - Int (Y/2) , 
Nr = R - Int (Y/2) . 

The integer wavelet transform of step 174 is 
described below in detail. 
20 FIG. 13 illustrates a method of decompressing an 

image file that has been compressed according to the 
method shown in FIG. 12. In step 180, a compressed image 
file is input. In step 182, the image is entropy 
decoded. Next, in step 184, an inverse integer wavelet 
25 transform is performed on the decoded data. In step 186, 
an inverse integer color transform is performed. Next, 
in step 188 optional post-processing filtering is 
performed on the image. Next, in step 190, the 
decompressed image is displayed. 
30 The Y-Nb-Nr to RGB transform of step 186 is 

given by the equations: 

R = Nr + Int (Y/2) , 
B = Nb + Int (Y/2) , 
G = Y - Int (R/2 + B/2) ~^ 
35 The inverse integer wavelet transform of step 

184 is described in detail below. 
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Reversible Integer Wavelet Transform 
This method allows a series of transformations 
which are very close to the corresponding biorthogonal 
wavelet transforms or some non-orthogonal wavelet 
5 transforms, but can be calculated with only integer 
addition and bit-shift operations • In addition, the 
integer wavelet transforms created disclosed herein 
possess a property of precision preservation (PPP) . This 
property is very useful for conserving memory in both 
10 compression and decompression, and speed up the whole 

procedure in some applications. Two general methods from 
which one can get the integer wavelet transform desired 
are disclosed. 

Basic Integer Wavelet Transformations 
15 Two examples are provided as the starting point 

for the unique method. For the sake of convenience, 
length, and simplicity, presented is only the algorithm 
for a one level decomposition and reconstruction and only 
for a one dimensional signal. The extension to two 
20 dimensions is immediate as the rows and columns can be 
treated into a sequence of one dimensional signals. For 

the following examples, assume that {*^-n}^Io 

original signal where the superscript indicates level and 
the subscript indicates a particular, point in the signal. 

25 Also, {c^}^^~^and {dn}^^^ are its decomposition parts at the 



first level. Here 
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is an even number, 
N is an odd number^ 



{cn}^^^^ and {dn}^^^^ are its low frequency (1) 

part and high frequency (h) part, respectively. For 
multi-levels, we just create {*^^}^to^ {^Jij^to repeat 

the procedure again • 
5 Example 1 ; A (2, 2) -wavelet transform by integer 

calculation. 

This transformation is similar to a variation of 
the Haar wavelet transform which uses low and 
high pass analysis (decomposition) filters given 
10 as: 



n 


0 


1 




1/2 
1/2 


1/2 
-1/2 



(1) Compute 

(2) Compute 
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(2.2) 




Int{ 



) +C2ic+i/ ^ even number , 



if N is an odd number. 



Here, Int(x) is an arbitrary rounding function 



which may have different interpretations. For example, 
Int(x) can be the integer which is nearest to x, or 
Int(x) may be any integer which satisfies x-KInt (x) ^ x, 
5 etc. It is easy to see that all entries in both 

K}io' K}^^^^ integers. 

From (2.1) -(2. 2), we can easily get the 
following integer reconstruction algorithm: 
(b) Reconstruction 
10 (l)If N is an even number, compute: 



(2.3) 



or, if N is an odd number, we have 



(2,4) 



(2) Compute 



C'2ic=C?^+C'2Jc+l ic=0,...,Afi-l. 



(2.5) 
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^***>RejnarJt. Sincfe^s^. 1) - (2 . 6) are not linear because of the 
/rounding opera tioriSint (x) , this means the transformation 
order becomes significant. For instance, if the 
decomposition was applied first to the columns and then 
5 to the rows, the inverse Vransformation must be applied 
first to the rows and thencto the columns. 

Example 2 : Lazy wavelet transform. 

The lazy wavelet transform is used to illustrate an 
important concept. The corresponding inverse transform 
10 is nothing else but sub-sampling the even and odd indexed 
samples. Decomposition and reconstruction can use the 
same formula as follows: 

Examples 1 and 2 are not good transforms for 
image compression, but they are simple. Much better 
15 transforms can be achieved from these two. As suggested 
above, they are considered only as a starting point for 
the integer, reversible, wavelet transform algorithm of 
the disclosed invention. 

It is noted that there is another interesting 
20 property in the above two transforms which may not be 
easily seen. If the values of the signal pixels are 
represented by a finite number of bits, say one bit or 
one byte, the same number of bits can be used to 
represent the result of the forward transform within the 
25 computer itself because of the complementary code 

property. While, from the reconstruction algorithm, the 
computer will get back the exact original signal through 
the same complementary code property. This property is 
called a Property of Precision Preservation (PPP) for 
30 these wavelets. 

^'^^^ knowhN..:that the general values for the high 
frequendy wavelet coefficients are small, and all higher 
levels of the decomposition also provide generally small 
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values in the high frequency band. This allows the 
preservation of precVsion during the computational stage 
of the wavelet coef f ioients . Now, the complementary code 
property^ the other aspect of the PPP property is a well 
known characteristic of Vnteger arithmetic as done by the 
computer. Consider the computation of the difference of 
two integers given as c = Jb - a and the inverse 
computation of a = Jb - c. \he nature of the computation 
within the computer can be s^pecified as follows; 



Lb-a if -2«r-'=$jb~a<2^-'-l 



-1 



2«^+jb-a if b~a< -2«^- 



10 and the inverse is 



h-c^ if -2^':ijb-a<23^-'-l 
-2^+i?-c„ if b-c^ii2^-^ 



if b-c^< -2^-' 



where the m subscript indicates the internal 
representation, and the range of the integers a, b, c 



is [-2^",2^"'-l] 



The internal representation of when 



it is outside the range, its appearance is as a two's 
15 complement number, so the representation may not be the 
same as the external representation of c. However, the 
same complementary code for the will cause the internal 
representation to be identical to the external 
representation of a. For example, if we let b = 2 
20 (00000010) and a = -127 (10000001) then has the 

internal binary value of (10000001) when q=4. With a 
value of -127 for the inverse value for aj^ will just be 
a . 

In fact, for Example 2, this property is 
25 obviously true. While for Example 1, if the range of the 
pixel values is within a finite number of bits, say q, we 
can only use q bits as the working unit, which means the 



-26- 

value of transform coefficients will also be within the 
interval with length 2^, say [-2^'\ 2"^-^ - 1] . Due to the 
nature of computation on a machine, most machines will 
implement (2.1) -(2.2) automatically as follows (the 
complementary code property) : 



2 ^+ ( Cij^-Cijc^x ) , if C2°ic- C2V1 < -2 . 



(2.6) 



lnt{^) +C2V1/ if -2^^"^lnt{~^) +C2Vi<2^-\ 
lnt{^) +C2°jt*i-2S if +C2Vi^2^-\ ^^-"^^ 



While the reconstruction algorithm (2.3) and 
(2.5) will be implemented by the computer itself as 



^0 _ 



c^-lnt{^) , if -2<^-^^c^-Int{^) <2S 
2^^{c^-lnt{^)^, if ci-Int{^)<-2<^-\ ^^-^^ 
{ci'Int{^)^'-2<^, if c^-Int{^)>-2<^-\ 



C2Jc= 



if -2^-'=^d^^ + C2Vi<2^-\ 
dic' + C2'jt.i+2S if di^ + C2Vi<-2^-\ (2.9) 
dic^ + C2'*jt.i-2^, if d^^+C2Vi^-2^-'. 



It is obvious that (2.8) -(2.9) are just the reverse of 
(2.6)-(2.7). It is also easy to see that if we properly 
10 take advantage of the bound in the coefficient size 

mentioned above, the algorithm can be implemented using a 
minimal amount of storage. 
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The following are examples which give motivation 
for our new approach* 

Example 3 : A (2.6) wavelet transform by integer 
calculation (2) . 
5 This transformation is similar to using the 

following analysis filters: 



n 


-2 


-1 


0 


1 


2 


3 




0 


0 


1/2 


1/2 


0 


0 


9n 


-1/16 


-1/16 


1/2 


-1/2 


1/16 


1/16 



(a) Decomposition 
10 Decomposition starts with Example 1 at step (1) 

and (2) , and then upgrades the high frequency component 
at step (3) : 

(1) Compute 

° = cik- ci^.x , ic- 0 , ... , Afi - 1 . 



(2) Compute 



ji,0 



,1,0 

Int{ — — ) , +C^-i, if N is an even number, 



if N is an odd number^ 



15 (3) Compute 



and then, if N is even, calculate 




-28- 

dM^-\=Int ( ^ ) -c^-i , 

else, calculate 

(b) Reconstruction 

The reconstruction algorithm is identical to the 
decomposition algorithm, except it is now running 
5 "backwards" . 
( 1 ) Compute 

.1 «1 



di ' ° = J.2 1 ( ) -di, ic=l , ... , -2 , 



and then, if N is even, calculate 

Wl'0_T-„^/ <^i-2.~cA-l. ,1,1 

OM^-i=^n t ( ) -Om^'-i , 



else calculate 



a*f;-i =Int{ ) -Om^'-i , 



(2) If N is an even number, compute 

^1,0 

cik*-i.=Ck-In t ( — |- ) , ic=0 , ... , Jy^i -1 ; 



10 or, if N is an odd number, we have 

C^k.z=Ck-Int ( — |- ) , ic=0 , ... , Nj_-2 ! 

0 _ 1 



(3) Compute 
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We see in step (2) -(3) above, that they are just 
the same as shown for the reconstruction of the (2.2)- 
wavelet transform (Example 1) . 

Example 4 : A (1, 3) -wavelet transform by integer 
calculation. 

The following nonlinear transform is a variation of the 
transform which uses biorthogonal analysis filters: 



n 


-1 


0 


1 




1 
1/4 


0 

-1/2 


0 
1/4 











(a) Decomposition 

This decomposition starts with the Lazy wavelet 
at step (1) and upgrades the high frequency component at 
step (2) : 

(1) Set 

Ck=C2kf ic=0,...,i\ri-l; 

(2) If N is an even number, calculate 



Otherwise, if N is an odd number, calculate 
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0 ^ 0 

dh=ln t ( ""^^ ) -C2j,.i , ic=0 , ... , Ml -1 , 



(b) Reconstruction 
(1) Set 



C2°k= C;^ / ic=0 , ... , - 1 ; 
(2) If N is an even niomber, calculate 



_0 „_0 _jl 

Otherwise, if N is an odd number, calculate 

_o . _o 

^2Jt+l = ^-nt( j-ajt/ iC=0, Af^-l . 

5 Example 5 : (5, 3) -wavelet transform by integer 

calculation. 

This transformation is also similar in function 
to using the biorthogonal analysis filters. It is given 
by 



10 



n 


-2 


-1 


0 


1 


2 




-1/8 


1/4 


3/4 


1/4 


-1/8 




1/4 


-1/2 


1/4 


0 


0 















(a) Decomposition 

This decomposition starts with Example 3 at step 
(1) and upgrade low frequency components at step (2) : 
15 (1) Set 
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If N is an even number, calculate 



.0 _L_o 



otherwise, if N is an odd number, calculate 



0 _j_ 0 



(2) If N is an even number, compute 



c^=c^''-lnt{^), 



1 1,0 -r fc/ ^A-Z^'^A-l X 



Otherwise, if N is an odd number, calculate 



C4-1 = <-1-Xl3t(-^) 



5 (b) Reconstruction 

(1) Compute 
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aS=c^^Int{^) , 

Then, if N is even, calculate 

Ci^-2 = C'j^i-i+-r'^t ( ) - 

else calculate 
(2) Compute 

C2ic+i = J^^t( 2 ) """ic f ic=0,...,AfL-2, 

Then, if N is even, calculate 

_o __0 

5 The PPP property for Examples 1-2 mentioned at 

the end of the previous section is also applicable for 
these three examples. It is obvious these three 
transformations are not really linear, but they are 
similar to the one using the corresponding filters given 

10 above. Especially, the filters in Example 3 and Example 
5 belong to, with minor modification, the group of the 
best biorthogonal filters for image compression. 

Also, from the above three examples, we can note 
that if we begin with integer (linear or nonlinear) 

15 wavelet transformations and then use some proper 
upgrading formulas, we can get other, much better 
integer, wavelet transformations for image compression. 

Lifting Scheme and Integer Biorthogonal Filtering 
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The Lifting scheme, discussed by W. Sweldens in 
"The Lifting Scheme: A Custom-Designed Construction of 
Biorthogonal Wavelet", Applied and Computational Harmonic 
Analysis, Vol. 3, No. 2, April 1996, is a recently 
5 developed approach for constructing biorthogonal wavelets 
with compact support. It can be used, with minor 
modifications, to create integer biorthogonal wavelet 
transformations. The following is an adaptation of the 
lifting scheme. 



10 Definition 1 . The set of filters {h, h, g, g}, a set of 
biorthogonal filters if the following formula is 
satisfied: 



where 
and 



V<0€R:i7?(<0) Af'(o)) =1. 

ri2{<i)) i2((i)+7l) 

in(a)) = 



and similarly for fhico) , and ^(co) 



The following lemma is the main result of the 
lifting scheme [1] reported as corollary 6 in that paper. 
15 Lemma 1 . Take an initial set of finite 

biorthogonal filters {h, Ti, g, g} , then a new set of 
finite biorthogonal filters {h, h, g, g} can be found as 



5(0)) =J2°(a)) +^(0)) 5(^6)) 

=9^ (6)) -73(0) s{2a)) . 



^^^^^^^^Similarly if we take^f^];!^ li, g, ^) 
• biorthogonal filters, a iiew set oi 



as an initial set of 
)f biorthogonal filters 
20 {h, ?r, g, g} can be found^s can be found as 
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A(o>) =730((o) +sr(co)S(2<o) 
S'(w) =sr^ ((o) -5(0)) s(2o)) . 

Here s((i)) is a trigonometric polynomial and the 
corresponding filter s is finite, and so is 's ((o) . 
Actually, regarding the filters (4.1) is equivalent to 



1 



or 



&k=^k-J^^k-21^i 



5 Next we use the lifting scheme with minor 

modifications to create an integer, nonlinear, quasi- 

biorthogonal, wavelet algorithm. Suppose is a 

original signal, and are again its low and 

high friequency decomposition parts, obtained by using the 
10 filters {h, h, g, g} . 

If we use filters g} for decomposition 

(analysis) , the corresponding decomposition algorithm is 



While the reconstruction algorithm will be 
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related to the synthesis filter {h,g}. Here, parameters 
ttc and ttd are positive constants with a^^a^=2. For 
example, in the situation of regular biorthogonal 



5 Example 1 through Example 5 above, ac=l and a^=2 . 

If the set of filters {h, ^i, g, g*} is from (h, 
'h^, g°, g} by (4,2b), then decomposition can be 
accomplished as follows: 

1 • Calculate 



decomposition and reconstruction, 0L^=a^='{2^; and for 



n 



10 2. Calculate 





The relative reconstruction scheme will be: 



1. 



Calculate 



1 ^' 




2, Calculate 





15 



Here, equations (4.3) and (4.6) are just the wavelet 
(inverse) transforms using biorthogonal filters {h, h, g. 
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g} . While (4.4) and (4.5) are forward and backward 
upgrading formulas . 

Similarly if the set of filters {h, h, q, g} is 
from the initial set of filters {h^ h, g, g} by using 
5 (4.2b)/ the relative decomposition is: 

1. Calculate 

n 
n 

2. Calculate 

The reconstruction scheme is: 
1. Calculate 
10 1 . Calculate 




Calculate 
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Corollary 4 , 1 . . Suppose hiozthoganal fil tezs{h, E, g, g) 

axe from initial filters{h,K^,g^,g}by the lifting scheme 
(4,1a) or (4.2a) . If the decomposition and reconstruction 
by filters {h, , g^ , g] can be accomplished only by integer 
calculation, such as Example 2, we also can create a 
corresponding integer wavelet decomposition and recon- 
struction scheme which is very "close" to the original one 
by using filters {h,E, g, g,) . Here the word "close" means 
that the difference of the two decompostion schemes 
is just some rounding error, and this rounding error will 1 
corrected by the integer reconstruction scheme. 

In fact, if {ck'^} {d^} are integer after (4.3), 
we can calculate |c^} by 

instead of (4.4) • Here Int(x), as described in Section 
2, is an arbitrary rounding up function which satisfies 
x-1 ^ Int(x) ^ x+1. It is obvious that (4.7) is very 
close to (4.4), and the exact reconstruction scheme can 
5 easily be obtained from 

and (4.6). There will be a similar result, if the set of 
biorthogonal filters {h, h, g, g} is obtained from the 
initial set of filters {h, h, g, g} by using (4.2b). 

Except for the example shown in the Lazy wavelet 

10 (Example 2), most standard biorthogonal wavelet forms 

cannot be performed directly by integer, even for one of 
the simplest wavelets, the Harr wavelet. However, if the 
parameters a^, and are properly chosen and the 
transform algorithms, such as Example 1 and Example 3, 

15 are slightly changed, a variation of the original 
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biorthogonal wavelet transforms with respect to the set 
of filters {h, h, g, g} is created. On the other hand, 
the parameters should be also chosen carefully to 
guarantee that only addition and shift operations are 
needed by the algorithm. 

If the set of filters {h, h, g, g} is obtained 
from a set of filters {h, h, g, g} by the lifting scheme. 



and the set {h, h, g, g} is also obtained from a filter 
set {h, h, q, q) , one can repeatedly use Corollary 1 to 
10 get a "close" integer wavelet transformation. 

The Correction Method for Creating 
Integer Wavelet Transforms 

Another approach for obtaining integer wavelets 

is using the so-called Correction method. The motivation 

15 of this method is from the S+P transform. The lifting 
scheme for generating biorthogonal wavelets can be 
considered as a special case of the correction method. 
From this can be derived complicated filters with fast 
decomposition and reconstruction algorithms. 

20 Assuming a simple integer wavelet transform, 

such as Examples 1 through 3, the decomposition and 
reconstruction scheme of which can be formulated as 
follows: 

Decomposition 

25 Reconstruction 

c°=rf{{cl-'},{dt°}) (5.1) 

Here, (5.1) and (5.2) can be the same as (4.3) and (4.6) 
or other algorithms. 

In general, after the above decomposition, one 
may not be satisfied with the result. There may still be 
30 some correlation among the high pass components because 
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of the aliasing from the low pass components, or the low 
pass components do not carry enough of the expected 
information from the original signal. Hence, one could 
make an improvement by putting some correction part on 
5 the high pass components or low pass components. There 
are many ways to accomplish this. However, for the sake 
of the integer calculation, it is preferable to use 
following correction method. To make a correction for 
the high pass part, the corresponding formula would be: 

di=dt''-lnt{dc^^^)k=--, 0,1, 2'- (5.3) 

10 Here, dc^^ is a correction quantity for d^^ 

di=y;a,c^^;°+VT^d^%9,ic=...,0,l,2,-. (5.4) 
pi pi 

1 T 

and \ J 1 - Se) and are given parameters which 

have been chosen for the user's purpose such as reducing 
the redundancy among high pass components or some other 
special requirement. To preserve the integer 
15 calculation, any entries in both 

Ic-So \ '^jIj*' should be rational niombers with 

denominators being powers of 2. 

From (5.1), (5.3) and (5.4), it is easy to see 
the perfect reconstruction algorithm can be 

dl'^ ^dl- +In t(dcj,) , k='- , m, m-l , in-2- , (5.5) 



20 combined with (5.2) . 

As mentioned above, the Lifting scheme is a 
special condition of the correction method./" Examples 3 
through 5 can also be considered as the examples of this 
method. We next give an example of the Correction method 

25 which cannot be included in the group of Lifting scheme, 
and also which does not result in a closed form of 
compact support for biorthogonal filters. 



# 



# 
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Example 6 : S+P transform, which is similar to 
using following analysis filters. 



n 


-2 


-1 


0 


1 


2 


3 




0 

-1/16 


0 

-1/16 


1/2 
15/32 


1/2 
-17/32 


0 

7/32 


0 

-1/32 



While the synthesis filters do not have compact 
support, the S+P transform can be implemented as follows: 
(a) Decomposition 

(l)Take the decomposition step of Example 1, 
10 that is, compute 



and 



(2) Correction Step: Define Sq = -1, Si 1, T = 1 and 
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and now compute 



(b) Reconstruction 

(1) Compute 



dj^''=^dh-intJ^I^I:llftf^^^ 
do^'°=d^+Ji2t(£iI^j. 

(2) If N is an even number, compute 
or, if N is an odd number, we have 

(3) Compute 

Boundary Conditions 
There are two issues dealing with boundary 
filtering if the Lifting scheme or the Correction method 
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is used to generate the integer wavelet transformations. 
The first is how to process the boundaries which occur in 
the start-up wavelet transformations. The second is how 
to deal with the boundaries in the deductive formula. If 
5 the boundaries in the start-up wavelet transform have 
already been established, then those in the upgrading 
formula are relatively easy to establish. For the 
Lifting scheme^ the boundaries in both steps should be 
processed in the same way. While^ for the Correction 

10 method, according to (5. 3) -{5. 4), one has more choices to 
process boundaries in the second step. Therefore, the 
process by which the boundaries in the start-up wavelet 
transformations are established is discussed. Assume 
compact supported biorthogonal wavelets. ol ^ 

15 Suppose the original signal is \ 3 ^or 

creating integer biorthogonal wavelet transformations, 
use the following symmetric extension: 

(1) If current biorthogonal filters have even 
length, the boundaries of the signal are 

20 extended C " Cp: / ) ^ i - ^ • / 

(2) If the filters have odd length, the 
following extension is performed 

Examples 1 through 5 use the boundaries given 
25 above. In Example 6, the start up wavelet transform uses 
the above boundaries but in the upgrading step, another 
boundary filtering is used. In addition, for arbitrarily 
sized images or signals, one can use the same technique 
described in the above examples to deal with this 
30 condition. 

As mentioned earlier, for many applications, 
lossless image compression is more important than lossy 
compression. The integer wavelet transforms described 
above provide the opportunity to compress without loss. 
35 It is also obvious that the integer wavelet algorithms 
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can be used wherever ordinary wavelets are used, 
especially in signal and image compression. However, for 
most computers, the integer wavelet transform is much 
faster than other wavelets and it uses much less memory. 



5 Peak Signal to Noise Ratio (PSNR) 

Controlled Compression 

Peak Signal to Noise Ratio (PSNR) is a widely 

used quality measurement, PSNR controlled compression 

allows users to choose their desired PSNR for the 

10 compressed image. In each of the compression methods set 
forth herein, a user can selectively set the PSNR and the 
desired compression ratio, as well as the initial 
quantization and threshold levels for each quadrant of 
wavelet coefficients, to obtain the desired image 

15 quality. 

For example, the wavelet map of FIG. 3 shows a 
total of 10 regions (quadrants) . Each of these ten 
quadrants can have two additional parameters associated 
with them. The parameters define the quantization and 

20 threshold values for that particular quadrant. Since 
there are three planes for color (only one for gray 
level) the maximum number of parameters that the user can 
control is 60 — 10 for quantization and 10 for 
thresholding for each of the three color layers. In the 

25 case of a gray level image, there are only 20 parameters. 

If a compression ratio, or a quality factor 
which indirectly defines a compression ratio, is 
specified, then the user wants the compression ratio to 
remain identical over the changes in the parameters. In 

30 order to accomplish this, two parameters are monitored: 
the compression ratio and PSNR (peak signal to noise 
ratio). The PSNR is defined as PSNR = 20 logio (X/MSE) , 
where the X is the average absolute value of the pixels 
in the compressed image and MSE is the mean squared error 

35 measured between the compressed and original image. 

Holding the compression ratio constant, the PSNR needs to 
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increase to improve image quality. The way to increase 
the PSNR is to reduce the MSE, 

An iterative method can be used to adjust 
parameters to achieve the desired PSNR. The step are as 
5 follows: 



Progressive decompression allows users to decode 
15 images at varying degrees of resolution, starting from 
the lowest resolution and progressing to the highest 



can download small pieces of the coded file and view the 
image at lower resolution to determine if they want to 
20 download the whole image. Progressive decomposition can 
be used with any of the decompression methods previously 
disclosed herein. Progressive decomposition is 
accomplished according to the following steps: 



10 



(a) Pick an initial parameter setting Pq; 

(b) Quantize the wavelet coefficients with Pq 
and calculate the corresponding PSNR; 

(c) If the PSNR is close to the desired one, 
stop and output the coded file; otherwise, get 
an adjusted vector APq and set Pq Po + ^Po/ 
go to . step (b) . 



Progressive De compo s i t i on 



resolution. The advantage of this feature is that users 



25 



30 



35 



(a) Input the lowest bandpass component of 
the coded file and reconstruct the lowest 
resolution image 1°; 

(b) Display image 1°; 

(c) If the user is not satisfied with the image 
quality or the resolution is big enough for 
stop; otherwise, go to step (d) ; 

(d) Input the lowest three band-pass components 
HD\ VD\ and DD^ successively in the current 
image file. Reconstruct the new image I^ from 
C^ HD^ VD\ and DD^ Let 1° = V; go to step 
(b) . 
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Image Map Editor 
The image map editor creates an image map over a 
compressed image file. This permits an image compressed 
according to one of the methods set forth herein to be 
5 easily integrated into a web page using an http link. A 
user selects one or several areas of compressed image, 
assigns one or more http links to the areas. The image 
map editor calculates the coordinates of the areas and 
outputs the HTML associate with the image. The user can 
10 add such information into program source code. Following 
is an example of such image map: 

<EMBED SRC="cow. cod" type="image/cis-cod" 
WIDTH="257" poly= "44, 45, 103, 78, 103, 86, 54, 
86, 54, 78", 

15 /V hro f- "h -trtrp : / / ww w . liiriiiup T Com" ></EM BEe>> 

Non-Uniform Image Compression 
The present invention allows a user to perform 
non-uniform image compression. Essentially, non-uniform 
compression is accomplished by dividing an image into one 
20 or more rectangles, each representing a matrix of image 
pixels. Each rectangle can be compressed by any of the 
methods disclosed herein. 

For instance, referring to the compression 
method of FIG. 8, integrating the non-uniform compression 
25 feature with the method allows a user to partition the 
image into several parts with different interests. The 
user can then compress these areas with different image 
and/or compression qualities. The parts can have any 
shape . 

30 The non-uniform compression feature can be 

incorporated in to the method of FIG. 8 as follows. 
Steps 100-102 are performed. Then, the user creates 
bitmap matrices defining the partitioned areas. Each 
area is then wavelet transformed. Different 

35 quantizations are then applied to the different areas 
according to the transformed matrices obtained above. 
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Split and Merge Wavelet Algorithm 
for Big Image Compression 



This algorithm allows users to compress large 
images by partitioning them into smaller pieces ♦ The key 
5 is to divide the original image into several smaller 
pieces and compress/decompress them separately by using 
overlap and de-overlap technique. With this technique, 
the individually compressed pieces are equivalent to 
compressed whole image. The user does not see any edge 

10 effects in the decompressed image, which normally occur 
with conventional split and merge methods. 

Also, with this algorithm, users can selectively 
decompress the whole image or choose a specific part to 
decompress according to an image map created during the 

15 compression phase. The algorithm is preferably 

implemented as a software program executing on a general 
purpose computer. 

There are two ways to compress an image by 
splitting it: automatically or interactively. The 

2 0 automatic approach is transparent to users since the 

algorithm will automatically split to the image according 
to the characteristics of the computer used to perform 
the compression. Using the automated method, the 
algorithm first detects the size of the source image and 

25 the memory size of the host computer. Next, the image is 
split into several pieces with a predetermined number of 
pixels overlapping according to the image size and 
computer's memory. Overlapping pixels are those that 
appear in more than one piece of the split image. 

30 Each piece of image is compressed in order 

according to any of the methods disclosed herein from the 
image resource. 



First, the headers of the compressed image pieces are 
35 read to determine their order and compression parameters, 
such as quantization thresholds and decomposition levels. 
Next, each piece of the image is decompressed and de- 



The split image is decompressed as follows. 
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overlapped. Merge all pieces together in the proper 
place for display. 

Using the interactive method, a user can 
indicate how many blocks they want to divide the image 
5 into and how many pixels they want for overlap. To 

compress an image according to this approach, the size of 
the source image is first detected. Then, the user's 
choice for the number of blocks and niomber of overlapping 
pixels is entered. Next, the image is divided into the 

10 pieces according to the user's choice and the size of the 
image. Finally, the individual pieces are compressed 
according to one of the methods disclosed herein. 

The interactively split image is decompressed as 
follows. First, the header of the coded image is read. 

15 Next, an image map is displayed for the user to look at 
what the image context is about. The user can then 
choose to display entire image or a specific piece pf 
image. If user chooses to display a single piece of 
image, the algorithm finds the position of this coded 

20 piece and decompresses it. If the user instead chooses 
to display the entire image, the algorithm decompress 
each piece of image and de-overlaps it. All pieces are 
then merged together in the appropriate display location. 
Example A, below, shows further technical 

25 details related to the present invention. 
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Attached in Appendix A is a listing of a 
computer that is related to the present invention. 

While specific embodiments of the present 
invention have been shown and described, it will be 
5 apparent to this skilled in the art that the disclosed 
invention may be modified in niomerous ways and may assume 
many embodiments other than the preferred form 
specifically set out and described above. Accordingly, 
it is intended by the appended claims to cover all 
10 modifications of the invention which fall within the true 
spirit and scope of the invention. 



